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Abstract: We study the flavor-changing couplings of the Higgs-boson with the
top-quark using the processes: (a) pp −→ tt, (b) pp −→ t¯j, and, (c) pp −→ t¯jh at
the LHC in light of current discovery of a 126 GeV Higgs-Boson. Sensitivities for
the flavor-changing couplings are estimated using the LHC data that was collected
until spring 2013. It is found that the process (c) is the most capable of yielding
the best upper bound on the flavor-changing couplings with 2σ level sensitivities of
|ξ2tc + ξ2tu|1/2 <∼ 4.2× 10−3 and <∼ 1.7× 10−3 resulting from t→ blνl, h→ jj with the
7 TeV and 8 TeV centre-of-mass energies respectively using existing data from the
LHC. The corresponding bounds from h→ bb¯ are worse by a factor of about 1.8.
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1 Introduction
Last year the ATLAS and the CMS experiments at the LHC made a monumental
discovery, namely that of a scalar resonance with mass of about 126 GeV and prop-
erties akin to that of a Standard Model (SM) Higgs boson [1, 2]. By now all of the
prominent decay modes that have been measured are found to be quite consistent
within appreciable errors with expectations based on the SM [3, 4].
Given that this particle is of such a fundamental importance it should be clear
that we need to study all its properties to excruciating details. In particular, we
have to understand the issue of its stability against radiative corrections. Naively,
one expects new physics to be there around a few TeV scale. To decipher its nature
we are likely to need very precise measurements of the couplings of the Higgs.
In this work we will address the flavor changing couplings involving the Higgs
and the top-quark and try to use data to constrain these couplings. As is well known
within the SM, such flavor off-diagonal couplings are highly suppressed and occur
only at loop level. At least in some popular models, such as warped extra-dimension
the Higgs and the top-quark may be particularly sensitive to flavor changing effects
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as both of them are localized close to the TeV brane and the profiles of the KK-
gluons are also peaked there [5–13]. We study several different processes involving
the top-quark and the Higgs and find that pp −→ t¯jh , (where j is a jet), is very
sensitive in providing stringent constraints.
In warped models of course there are also general expectations of extra CP
violating phases of O(1). So CP violation studies are also highly motivated and we
will return to this in another publication.
If such FCNCs are present, depending upon their size, they can influence the
top-induced production processes, such as the single-top production processes where
the top-quark is produced in association with lighter quarks, and Higgs, it can also
modify (1) decay of the top-quark by allowing its decays into the Higgs-boson and
a charm or an up-quark in addition to its known decays within the SM, and, (2)
decay of the Higgs-boson into a virtual top-quark in association with a charm or an
up-quark where the virtual top-decays as in (1).
The organisation of the paper is following: We begin with a brief introduction to
the flavor-changing operators. In Sections 3 and 4 we will discuss decays of the Higgs
boson and the top-quark, and the production processes we propose in this article. In
section 5 we will present the actual analysis of the proposed processes in the light of
LHC data on the Higgs-boson and the pre-existing data on the top-quark from the
Tevatron experiment. Finally we summarise our findings in Section 6.
2 The flavor-changing top-quark couplings
When the flavor-changing couplings of the Higgs are present, the SM Lagrangian can
be extended by allowing the following additional terms,
Lhflavor = ξtct¯cH + ξtut¯uH + h.c., (2.1)
where for now, we consider that the flavor-changing couplings, ξtu, and, ξtc are
real and symmetric, i. e. ξtqu = ξ
†
tqu = ξqut = ξ
†
qut, where, qu = u, c. As mentioned
before, CP studies will be dealt with in a later study.
It is to be noted here that similar flavor-changing Lagrangian has been also
widely studied in the Refs. [14–20], for example. These FV-interactions allow some
interesting phenomenological consequences which are as follows:
(A) At the decay level
1. In addition to the usual decay modes, Higgs can also decay into single W±-
boson via an off-shell top, e.g. h → q¯u(t∗ → bW+); (qu = u, c) where ‘∗‘ means
off-shell top,
2. top-quark can now also decay into a charm or an up-quark and a Higgs, e.g.
t→ quh.
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(B) At the production level
1. Because of FCNC we can have a pair of same-sign top produced via t-channel
exchange of the Higgs, e.g. pp → tt(t¯t¯) through the parton level subprocesses,
uu→ tt, uc→ tt and cc→ tt.
2. The FCNCs of Higgs can contribute significantly to the production processes
where a top-quark is produced in association with light partons, e.g. pp→ tj¯u(t¯ju),
where ju = u, c.
3. Higgs can now be produced in association with a top-quark and an up or a
charm quark, e.g. the process pp→ tc¯h(t¯ch).
Let us discuss their consequences one-by-one in the following sections.
3 Higgs boson and top-quark decay rates
Let us now consider the decays of top-quark and Higgs-boson in the following sub-
sections:
3.1 Top quark decays
Because mt −mh > mc,mu,mb, in addition to the usual decay into a bottom quark
and a W+ Boson, the top-quark can also decay into a charm (or an up) quark and
a Higgs-Boson. Therefore, the total decay width of the top-quark, Γt will take the
following form,
Γt = Γt→bW+ + Γt→ch + Γt→uh. (3.1)
The t −→ bW+ decay width at the NLO level is given by [21, 22],
Γt→bW+ =
GFm
3
t
8
√
2pi
[
1− 2αs
3pi
(
2pi2
3
− 5
2
)] (
1− τ 2W
)
2
(
2τ 2W + 1
)
(3.2)
The t −→ quh (qu = u, c) partial decay width is given as,
Γt→quh =
ξ2tqumt
16pi
[
(τqu + 1)
2 − τ 2h
]√
1− (τh − τqu) 2
√
1− (τqu + τh) 2 (3.3)
where, τW =
MW
mt
, τh =
Mh
mt
, τqh =
mqh
mt
. Using the measured values of GF , αs,
MW , Mh etc., we obtain,
Γt = Γ
SM
t + [0.8 ξ
2
tc + 0.78 ξ
2
tu] GeV, (3.4)
where ΓSMt = 2± 0.7 GeV [22] and ΓSMt ≡ ΓSMt→bW+ .
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From the above expression it is clear that the maximum deviation in the Br(t→
bW+) from the SM corresponds to the ξtc = 1 = ξtu and amounts to be about 41%.
As we will show later in this paper, the current LHC data constraints on these FCNCs
will be much stronger, i. e. <∼ 10−3. To put things into perspective, in the SM, the
diagonal couplings of the top-quark and the charm-quark yt,c =
√
2mt,c
v
; v = 246 GeV
being the vaccum-expectation value, are yt ' 1 and yc ' 0.008 respectively.
3.2 Decays of the Higgs-Boson
Because of the flavor-changing couplings endowed by Eqn. (2.1) the Higgs-Boson
can also have the following three-body decays:
h → qu(t¯∗ → b¯W−), h → q¯u(t∗ → bW+); (qu = u, c) where ‘∗‘ means off-shell
top. Using CalcHep [23] we numerically estimate,
Γh→qu(t¯∗→b¯W−) ' 0.28ξ2tqu MeV. (3.5)
Therefore the total width, Γh would be,
Γh = Γ
SM
h +
∑
qu
Γh→qu(t¯∗→b¯W−) + Γh→q¯u(t∗→bW+)
' [ΓSMh + 0.56 (ξ2tc + ξ2tu)] MeV, (3.6)
where ΓSMh = 3.3 using CalcHep.
In our model the usual two-body decays of the Higgs boson, i.e., the LHC Higgs
observables would take the following form,
RggX = σgg→h
σSMgg→h
· BR(h→ X)BRSM(h→ X) '
Γh→gg
ΓSMh→gg
·
(
Γh→X
Γh
)
/
(
ΓSMh→X
ΓSMh
)
' Γ
SM
h
Γh
; (3.7)
where, X stands for two-body decay products of the produced Higgs-Boson, e.g. X =
γγ, bb¯,WW ∗, ZZ∗, τ+τ− etc. In the equation above, we have assumed that σgg→h
σSMgg→h
=
Γgg→h
ΓSMgg→h
' 1 which is due to the fact that the flavor-changing couplings discussed in
our paper affect the gg → h production process at the next-loop level and therefore
the effects are expected to be much smaller.
4 Production Processes at the LHC
We now turn to study some interesting production processes where the effect of the
aforementioned flavor-changing couplings could be significant. Obviously the very
first process, the tt¯ may not be suitable when both the produced tops decay through
their ususal SM decay model as it will have relatively large SM background. Among
the other leading processes are:
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• (a) the same-sign top-pair, e.g. pp→ tt(t¯t¯),
• (b) processes where a top-quark is produced in association with a light jet, e.g.
pp→ tj¯u(t¯ju), where ju = u, c, and,
• (c) processes where the top-quark is produced in association with a Higgs and
a light jet, e.g. pp→ tj¯uh(t¯juh).
The process (a), the same-sign top pair production is an interesting one as it
has very little SM background. In a recent work by us [24], it was found that
this process can play a very important role in excluding many models proposed
to explain the forward-backward asymmetry of the top-quark AtFB as observed
by the Tevatron experiments (Also see, for example, [25–27]). Within the
model under consideration in this paper, at the LHC, a pair of same-sign top
pair can be produced via the t-channel exchange of the Higgs through two
flavor-changing couplings. For the mh = 125.7 GeV, the bare cross-sections for
this process is given by the following equations:
σ(pp→ tt) = 49.5ξ4tu + 13.6ξ2tcξ2tu + 0.3ξ4tc pb (at
√
s = 7 TeV),
σ(pp→ tt) = 56.2ξ4tu + 17.7ξ2tcξ2tu + 0.4ξ4tc pb (at
√
s = 8 TeV), (4.1)
respectively.
In Eqns. above we notice that the numerical factors for the ξ4tu is larger than
those proportional to ξ2tcξ
2
tu and ξ
4
tc. This is because of the fact that the first
term is due to the scattering of two valence up-quarks as opposed to other
terms where one or both the initial partons are the (sea-)charm-quark(s). As
discussed in Refs. [24] and in [28] this process has very little SM background
and hence can be useful in constraining the couplings ξtc and ξtu. We will
discuss this in detail in a later section.
The other two processes namely, (b) and (c) are perhaps even more interesting
as both of these occur via only one flavor-changing vertex unlike the process (a).
Therefore, we expect the cross-sections for these processes to be proportional
to aξ2tu + bξ
2
tc where a and b are arbitrary constants.
More specifically, the processes where a top or anti-top quark is produced in
association with an up, anti-up, charm or anti-charm quark can occur via two
ways: one, where a pair of initial (anti-)quarks with same or different flavor
undergo t-channel exchange through the Higgs, e.g. processes of the form
qqu → tq and qq¯u → t¯q, where, q = {qu, b}, qu = {u, c}. Therefore we expect
cross-sections for these subprocesses to be proportional to y2qξ
2
tqu where yq is the
Yukawa coupling of the quark q. This suggests that although at the subprocess
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Figure 1: Representative s-channel Feynman diagrams for the partonic process gg → tch.
level, we gain in the processes where the initial parton is a b or a b¯ due to large
value of yb compared to yc and yu at the proton-proton level, we may loose
due to relatively smaller parton densities for the b-quarks. The other type of
contribution is due to the off-shell Higgs production in the s-channel due to
gluon-pair fusion, where the Higgs decays into tq¯u or t¯qu. The composition of
this process is discussed in detail for mh = 125.7 GeV in the Appendix A. The
corresponding background and the total cross-sections for
√
s = 7 and 8 TeV
are summarised in Table 1. The major source for this process is production of
tb¯(t¯b) mediated by an off-shell W± in the s-channel.
The production process (c) requires production of a tt¯ pair where one of the
top decays into a Higgs and an up or charm-quark, or it can also take place
via the pair production processes uu¯ and cc¯ where one of the off-shell up or
charm goes into a top and a Higgs (see Fig 1). This process has very little SM
background due to the production of (i) tb¯Z(t¯bZ), and, (ii) tb¯h(t¯bh). Clearly
both of these processes are electro-weak processes which are mediated by an
off-shell W±-boson. e.g., pp → W±∗Z(W±∗h), and W ∗ → tb¯(t¯b). Therefore
we expect to find better bounds on ξtc and ξtu using this process. A detail
of the cross-sections and corresponding background to this process is given in
Table 2.
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Serial Number Process LHC-7 LHC-8
(1) pp −→ tc¯(t¯c, tc, t¯c¯) 42.06ξ2tc + 4.81ξ2tu 59.7ξ2tc + 5.44ξ2tu
(2) pp −→ h −→ tc¯(t¯c) 41.2ξ2tc 58.52ξ2tc
(3) pp −→ tu¯(t¯u, tu, t¯u¯) 0.4ξ2tc + 44.54ξ2tu 0.61ξ2tc + 59.67ξ2tu
(4) pp −→ h −→ tu¯(t¯u) 41.2ξ2tu 58.52ξ2tu
(1) + (3) pp −→ tqu(t¯qu) 42.46ξ2tc + 49.35ξ2tu 60.31ξ2tc + 65.11ξ2tu
SM Background pp −→ tb¯(tb¯, tj, t¯j, tjj, t¯jj) 43.49× 103 56.17× 103
Table 1: Single top production cross-section (in fb units) at the LHC for
√
s = 7 and 8
TeV in association with an up or a charm (anti-)quark. In all the processes the implemented
basic cuts on the associated (anti-)quark are as follows: pT = 25 GeV, and, |η| ≤ 2.7. The
Yuwaka couplings yu, yc, yt have been estimated using mu = 3 MeV, mc = 1.44 GeV and
mt = 172.4 GeV respectively. The Higgs-Boson mass has been set to the observed central
value, mh = 125.7 GeV.
Serial Number Process LHC-7 LHC-8
(5) pp −→ tc¯h(t¯ch, tch, t¯c¯h) 75.25× 103ξ2tc 107.99× 103ξ2tc
(6) pp −→ tu¯h(t¯uh, tuh, t¯u¯h) 79.21× 103ξ2tu 112.76× 103ξ2tu
(5) + (6) pp −→ tq¯uh(t¯quh) (75.25ξ2tc + 79.21ξ2tu)× 103 (107.99ξ2tc + 112.76ξ2tu)× 103
SM Background pp −→ tb¯Z(t¯bZ) 2.54 (1.07) 3.32 (1.39)
pp −→ tt¯+ nj;n ≤ 3 176.6× 103 261.5× 103
pp −→ tt¯+ bb¯+ nj;n ≤ 3 716.9 1175.6
pp −→ tb¯h(t¯bh) 0.54 (0.23) 0.7 (0.29)
Table 2: Single top production cross-section (in fb units) at the LHC for
√
s = 7 and 8 TeV
in association with an up or a charm (anti-)quark and a Higgs-Boson. In all the processes the
implemented basic cuts and all other SM parameters are same as given in Table 1.
5 Flavor-changing Higgs and LHC observations
In this Section we will first discuss the flavor-changing couplings ξtc and ξtu in
the context of the individual experimental observations as listed in Table 3 and
later we will make use of them all in order to obtain constraints on these cou-
plings using the processes we propose here. We will also discuss the projected
sensitivities of the aforementioned couplings in the context of 14 TeV data in
the second Subsection.
5.1 Flavor changing couplings at the LHC-7 and LHC-8
Let us first begin with total decay width of the top-quark, Γt. As we have
already noticed in Section 3.1, Γt receives positive contributions proportional to
ξ2tu and to ξ
2
tc due to additional decay processes t→ uh and t→ ch respectively.
This gives an upper bound on the
√
ξ2tc + ξ
2
tu of about 1.3 at the 2σ level which
is quite mild.
– 7 –
Observable Value Experiment
Γt 2± 0.7 GeV Tevatron [22]
mh 125.5± 0.2 (stat)+0.5−0.6 (sys) GeV ATLAS [3]
125.8± 0.5 (stat)± 0.2 (sys) GeV CMS [4]
125.7± 0.4 GeV Combined
Rggγγ 1.65+0.34−0.30 ATLAS [29, 30]
1.11+0.32−0.30 CMS [31, 32]
1.36± 0.23 Combined
Rgg2l2ν 1.01± 0.31 ATLAS [33, 34]
0.76+0.21−0.21 CMS [35, 36]
0.84± 0.17 Combined
Rgg4l 1.7+0.5−0.4 ATLAS [29, 37]
0.91+0.30−0.24 CMS [35, 38]
1.12± 0.26 Combined
D0-oscillations |ξtuξtc| < 0.9× 10−3 UTfit Collaboration [39]
Table 3: Measured values of various observables used in our analysis; combined here
means weighted average of ATLAS and CMS values for a given observable.
In a similar way we study the Higgs observables Rggγγ, Rgg2l2ν , Rgg4l and
their combined effects in light of recently updated data during Moriond-2013
as discussed in Table 3. Using the LHC data on various Higgs-observables, one
obtains upper bounds on
√
ξ2tc + ξ
2
tu of about 1.7, 3.3, 1.8, and, 1.2, for Rggγγ,
Rgg2l2ν , Rgg4l and for their combined effect respectively. This means the whole
range of ξtc and ξtu (between -1 to +1) is allowed by these observables at the
2σ level. Note also that the bound that we will obtain later in this paper from
pp→ tch will be much stronger, <∼ 10−3.
In order to study the production processes we incorporated flavor-changing
couplings in MadGraph5 [40]. We evaluate parton densities at a scale µR =√
sˆ = µF using CTEQ6L1 [41].
We present our result for the
√
s = 7 TeV with an integrated luminosity of∫ Ldt = 5 fb−1 and for √s = 8 TeV with ∫ Ldt = 22 fb−1 in Figures 2 at the
bare production level.
Using the formulae for the production cross-sections in our model and their
respective SM backgrounds as mentioned in Eqns. 4.1 and Tables 1 and 2, and
the constraints due to the Γt and the LHC Higgs discovery observables Rggγγ,
Rgg2l2ν , and, Rgg4l, we find the following upper bounds on the
√
ξ2tc + ξ
2
tu at the
2σ level;
– 8 –
Figure 2: Contour plots in ξtc−ξtu plane for signal-significance, S√B , at the production level,
for the processes pp −→ tj¯u(t¯ju) (top) and pp −→ tj¯uh(t¯juh) (bottom) for
√
s = 7 (left) and
8 TeV (right) data at the LHC.
√
ξ2tc + ξ
2
tu
<∼

0.3 (0.17) for process (a)
0.9 (0.9) for process (b)
1.6 (0.6)× 10−3 for process (c)
. (5.1)
for the
√
s = 7 TeV with 5 fb−1 (
√
s = 8 TeV with 22 fb−1) data.
Clearly the bounds due to process (b) are not so promising which is partially
due to the fact that it suffers from large SM background as mentioned in
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Table 1. The reason for them being the same for both the 7 TeV and 8 TeV
LHC centre-of-mass energies is that it in determining these the combined effect
of the constraints on the top-quark decay width and the Higgs observables play
a dominant role. Note also that although the processes (a) puts mild bound
on
√
ξ2tc + ξ
2
tu it is interesting to analyse because it leads to unique signature
in the form of a pair of same-sign leptons. The process (c) is certainly the
best process among all of the aforementioned ones as it turns out to be very
sensitive even to small values of the flavor-changing couplings.
It is to be noted that in order to obtain the aforementioned bounds, we have as-
sumed that, (1) we will be able to reconstruct the produced (anti-)top-quark(s),
and the Higgs boson fully in all its detection modes, and, (2) the number of
signal events do not exceed one where the SM background is not significant for
the given LHC luminosity. However due to poor reconstruction especially for
the cases where the top-quark(s) decays hadronically into a b-jet and a pair of
light parton jet, the above limits may not be so realistic. We therefore turn
our focus to obtain the detection level bounds on these couplings. For this
we work with processes with at least one lepton in the final state. Thus, in
all the production processes we allow the produced (anti)top-quark to decay
semileptonically, e.g, t→ blνl, where l = e, µ. In case of the process (c) where
a Higgs is also produced in association with the top-quark and a jet, we work
with h → bb¯, h → γγ and h → jj, where j = g, q, q¯, b, b¯. The reason for
considering h → bb¯ is merely to gain statistical advantage as within SM the
branching ratio for h→ bb¯ for the given value of mh is about 79%. For the case
where the Higgs decays into a pair of photons, although the branching ratio is
quite suppressed ' 2.9 × 10−3, we expect it to be relatively cleaner than the
h→ bb¯ case.
With this in mind we will therefore have the following topologies:
– l±l± + 2b− jets+ /ET , from the process (a),
– l± + j + b− jet+ /ET , from process (b), and,
– l± + j + 3b− jets+ /ET , when h→ bb¯, l± + j + b− jet+ 2γ + /ET , when
h→ γγ, and, l± + 3j + b− jet+ /ET , when h→ jj, from process (c).
The set of basic cuts used on the photons/leptons/jets in our study are as
follows:
pTl,j,γ > 25 GeV, |ηl,j,γ| < 2.7, ∆Rkk,∆Rik, > 0.4, /ET > 30 GeV, with i, k =
{l, j, γ}. In addition, we also assume a b-jet identification efficiency of 58% [42].
Other SM Backgrounds: It is to be noted that because a light parton jet can
fake the b-jet with probabilities of about 10% for a charm-jet and about 1%
– 10 –
Process LHC-7 LHC-8
pp −→ tt¯+ n− jets 176.64 261.52
pp −→ tt¯+ bb¯+ n− jets 0.72 1.18
Total 177.36 262.7
Table 4: Other subleading SM backgrounds (in pb) for the production process (c) for
√
s = 7
and 8 TeV.
Process LHC-7 LHC-8
pp −→ tt¯+ n− jets 0.33 0.49
pp −→ tt¯+ bb¯+ n− jets 0.0014 0.002
Total 0.33 0.49
Table 5: Other subleading SM backgrounds (in pb) for the production process (c) followed
by the decays h→ bb¯ and t→ blνl for
√
s = 7 and 8 TeV.
for other light jets respectively [43]), there can be other subleading SM back-
grounds for the process (c), particularly when h → bb¯ and t → blνl. In
this catagory, the leading background contribution come from the processes
pp→ tt¯+ n− jets and pp→ tt¯+ bb¯+ n− jets, where n represents number of
jets.1
Using MadGraph, for n ≤ 3, cross-sections for these processes have been es-
timated to be ' 177 pb and ' 0.7 pb respectively at the √s = 7 TeV at
the bare level. With the above sets of basic cuts, for our final state pp →
l± + j + 3b− jets + /ET , the requirement that one of the jet pair reconstructs
to mh within 2σ, these aforementioned backgrounds are reduced to 0.33 fb
and 0.0014 fb respectively. The corresponding signal rates are reduced by
0.42, 0.57 and 0.43 respectively for the processes l± + j + 3b − jets + /ET ,
l± + j + b − jet + 2γ + /ET , and, l± + 3j + b − jet + /ET . Similar estimates
for
√
s = 8 TeV have been summarised in Table 4 and 5. Thus our estimates
suggest that although at the production level such backgrounds are huge for
the LHC integrated luminosities we consider in our analysis, with the afore-
mentioned cuts, these can be reduced to a level where their effects become
insignificant for our purposes.
Thus, after combining all the constraints from the Higgs observations and the
top-quark decay width, one obtains the following 2σ bounds:
1We thank J. Evans for discussion on this background.
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√
ξ2tc + ξ
2
tu
<∼

0.6 (0.3) for pp→ l±l± + 2b− jets+ /ET
0.9 (0.9) for pp→ l± + j + b− jet+ /ET
7.5 (2.9)× 10−3 for pp→ l± + j + 3b− jets+ /ET
11.9 (4.8)× 10−2 for pp→ l± + j + b− jet+ 2γ + /ET
4.2 (1.7)× 10−3 for pp→ l± + 3j + b− jet+ /ET
(5.2)
for the
√
s = 7 TeV with 5 fb−1 (
√
s = 8 TeV with 22 fb−1) data. Clearly
the process pp → l± + 3j + b− jet + /ET gives the best bound which is about
O(1.7× 10−3) using the full 8 TeV data while the corresponding bound for the
process pp→ l±+j+b−jet+2γ+ /ET is about O(4.8×10−2) or so. A detailed
list of sensitivities to all of these processes at individual and combined level is
also presented in Table 6 for convenience. The corresponding bound on t→ ch
as reported in Ref. [19] and by the ATLAS [43] and CMS [44] experiments are
about 0.1 which is about one order of magnitude larger than the best bound
obtained by us. This is partially due to the fact that in obtaining tch final state
we do not restrict ourselves merely to the pair-production of tt¯ unlike them.
Thus in their study only diagrams of type Figs. 1 (a) and 1 (c) are relevant;
in our case all three processes in Fig 1 occur. This translates into about 14
times larger cross-section for us compared to σtt¯×2Br(t→ ch) as in their work
too, the other top decays semileptonically as t→ blνl. Obviously, since in our
case, one of the top-quarks decaying to ch or uh, can be off-shell, it results in
a further advantage for us in terms of reconstruction efficiencies.
5.2 Projected sensitivities at the LHC-14
Guided with the aforementioned bounds as obtained from various final state
topologies using the observed 7 and 8 TeV LHC data in the previous subsection,
in this subsection we provide estimate for the forthcoming LHC run with
√
s =
14 TeV. As we have noticed above, the best bound on the
√
ξ2tc + ξ
2
tu correspond
to the pp→ l±+ 3j + b− jet+ /ET detection mode. We will therefore focus on
this particular detection mode itself.
Using MadGraph5, we find the bare cross-section for the production-process
responsible for the aforementioned topology, pp→ tch, at √s = 14 TeV to be
431.5ξ2tc + 441.2ξ
2
tu pb, which is about a factor of 4 larger compared to at 8
TeV, see Table 2. This in the ideal case assuming a full reconstruction of the
tch and in the absence of any SM background yields,
√
ξ2tc + ξ
2
tu
<∼ 0.15× 10−3
for an integrated luminosity 100 fb−1.
The cross-sections for the relevant SM processes which contribute to the back-
ground to our final-state are estimated to be, 6.01 (2.91) fb, 1.29 (0.59) fb,
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and, 1161.3 pb for pp → tb¯Z(t¯bZ), pp → tb¯h(t¯bh), and, pp → tt¯ + nj;n ≤ 3
respectively. This, using the exact same cuts as mentioned in the previous
subsection, and, the demand that the two jets reconstruct to a Higgs-Boson,
and, the only lepton in our final state reconstruct to a top-quark when paired
with the b-jet and the missing transverse energy, in our final state, translates
into a net SM background of 2.18 fb for the final state under consideration.
Thus from our complete analysis, we obtain
√
ξ2tc + ξ
2
tu
<∼ 1.39 (1.06) × 10−3
for
∫ Ldt = 100 (300) fb−1. It is to be noted that this is better only by a
factor of about 1.6 compared to the bound obtained using the 8 TeV data for
the same signatures, while one naively expect it to be better by a factor of
four. The reason behind this is that for 7 and 8 TeV data, the SM background
was not so significant and therefore the criterion that the number of observed
signal events should not exceed one turn out to be stronger while for 14 TeV
case it was actually S/
√
B criterion which ruled over the former in estimating
projected LHC sensitivities on the FCNC couplings.
6 Conclusions
We have studied the flavor-changing couplings of the Higgs boson with the top-
quark in light of the Higgs discovery, using the data at the LHC, for both
√
s =
7 TeV and 8 TeV, along with the Tevatron measurements of the total decay
width of the top-quark. In order to obtain better bounds to these processes we
studied the same-sign top pair production, pp → tt(t¯t¯), single top production
in association with a light parton jet, pp → tj¯(t¯j), and the process where the
single top-quark is produced in association with a Higgs and a light parton
jet, pp → tj¯h(t¯jh). In our study, we found that the process pp → tj¯h(t¯jh)
can be extremely useful in providing stronger bounds on the flavor-changing
couplings of the order of 1.7 × 10−3, particularly in case of the latter process
with the Higgs-boson decays into a pair of jets and the (anti)top-quark decays
semileptonically into a b-jet, a lepton and an invisible neutrino using the full
data at
√
s =8 TeV. To put things in perspective, we mention in passing that
these constraints are significantly better than the one obtained from top decays,
following pair production of tops, and also single top production [45]. Our
sensitivities on
√
ξ2tc + ξ
2
tu are complementary to the one obtained by the low
energy experiments through the D0-oscillations [45] on the product |ξtcξtu| as
listed in Table 3. Note that the latter product alone is not sufficient particularly
when one of the FCNC-couplings becomes very small or is simply zero. Our
estimates for the 14 TeV LHC suggest that the sensitivities can be improved
just a bit more to 1.1× 10−3 with 300 fb−1 data.
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We also note that although the sensitivities on FCNCs are better by a factor
of about 1.8 for the process (c) in the h→ 2 jets detection mode compared to
h→ bb¯, due to its relatively clean signature the latter can still be quite useful
to constrain the FCNCs. This, therefore confirms that it is highly desirable
to tag b’s for achieving better sensitivities on the FCNC couplings considered
in this paper. Note also that in principle these can be further improved by
a factor of two or so provided the produced top-quark and the Higgs-boson
could be reconstructed fully. Therefore it is worthwhile for the ATLAS and
CMS collaborations to consider possible ways of full reconstruction to further
constrain the crucially important flavor-changing couplings of the Higgs-boson.
S. No. Observable 2σ sensitivity for
√
ξ2tc + ξ
2
tu
(1) Γt 1.3
(2) Rggγγ 1.7
(3) Rgg2l2ν 3.3
(4) Rgg4l 1.8
(5) (2) + (3) + (4) 1.2
LHC-specific√
s = 7 TeV,
∫ Ldt = 5 fb−1 √s = 8 TeV, ∫ Ldt = 22 fb−1
(6) pp −→ tt(t¯t¯) 0.3 0.17
(7) pp −→ tj(t¯j) 2 1.3
(8) pp −→ tjh(t¯jh) 1.6× 10−3 0.6× 10−3
(9) pp −→ tt(t¯t¯), t→ blνl 0.6 0.3
(10) pp −→ tj(t¯j), t→ blνl 3.2 1.9
(11) pp −→ tjh(t¯jh), t→ blνl, h→ bb¯ 7.5× 10−3 2.9× 10−3
(12) pp −→ tjh(t¯jh), t→ blνl, h→ γγ 11.9× 10−2 4.8× 10−2
(13) pp −→ tjh(t¯jh), t→ blνl, h→ jj 4.2× 10−3 1.7× 10−3
(14) (1) + (5) + (6) 0.3 0.2
(15) (1) + (5) + (7) 0.9 0.9
(16) (1) + (5) + (8) 1.6× 10−3 0.6× 10−3
(17) (1) + (5) + (9) 0.6 0.3
(18) (1) + (5) + (10) 0.9 0.9
(19) (1) + (5) + (11) 7.5× 10−3 2.9× 10−3
(20) (1) + (5) + (12) 11.9× 10−2 4.8× 10−2
(21) (1) + (5) + (13) 4.2× 10−3 1.7× 10−3
Table 6: Upper bounds on the |ξ2tc + ξ2tu|1/2 at the 2σ level from various observations.
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Appendix
A Composition of pp −→ tq¯u(t¯qu) where qu = {u, c}
A.1 For
√
s = 7 TeV
σpp→tc+tc¯ = σcctc + σcc¯tc¯ + σuctc + σuc¯tc¯ + Pb→c (σbctb + σcb¯tb¯ + σbutb + σub¯tb¯) + σbb¯tc¯ + σggtc¯
= (20.83 + 0.48Pb→qu)ξ
2
tc + (1.26 + 6.96Pb→qu)ξ
2
tu fb
= 21.03ξ2tc + 4.18ξ
2
tu fb (A.1)
σpp→t¯c+t¯c¯ = σcc¯t¯c + σc¯c¯t¯c¯ + σu¯ct¯c + σu¯c¯t¯c¯ + Pb→c (σbc¯t¯b + σc¯b¯t¯b¯ + σbu¯t¯b + σu¯b¯t¯b¯) + σbb¯t¯c + σggt¯c
= (20.83 + 0.48Pb→qu)ξ
2
tc + (0.2 + 1.02Pb→qu)ξ
2
tu fb
= 21.03ξ2tc + 0.63ξ
2
tu fb (A.2)
σpp→tu+tu¯ = σcutu + σcu¯tu¯ + σuutu + σuu¯tu¯ + Pb→u (σbctb + σcb¯tb¯ + σbutb + σub¯tb¯) + σbb¯tu¯ + σggtu¯
= (3.91× 10−6 + 0.48Pb→qu)ξ2tc + (20.6 + 6.96Pb→qu)ξ2tu fb
= 0.2ξ2tc + 23.52ξ
2
tu fb (A.3)
σpp→t¯u+tu¯ = σuc¯t¯u + σu¯c¯t¯u¯ + σu¯ut¯u + σu¯u¯t¯u¯ + Pb→u (σbc¯t¯b + σc¯b¯t¯b¯ + σbu¯t¯b + σu¯b¯t¯b¯) + σbb¯t¯u + σggt¯u
= (3.91× 10−6 + 0.48Pb→qu)ξ2tc + (20.6 + 1.02Pb→qu)ξ2tu fb
= 0.2ξ2tc + 21.03ξ
2
tu fb (A.4)
Here we have assumed Pb→qu = 0.42.
A.2 For
√
s = 8 TeV
σpp→tc+tc¯ = σcctc + σcc¯tc¯ + σuctc + σuc¯tc¯ + Pb→c (σbctb + σcb¯tb¯ + σbutb + σub¯tb¯) + σbb¯tc¯ + σggtc¯
= (29.56 + 0.68Pb→qu)ξ
2
tc + (1.54 + 8.48Pb→qu)ξ
2
tu fb
= 29.85ξ2tc + 5.1ξ
2
tu fb (A.5)
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σpp→t¯c+t¯c¯ = σcc¯t¯c + σc¯c¯t¯c¯ + σu¯ct¯c + σu¯c¯t¯c¯ + Pb→c (σbc¯t¯b + σc¯b¯t¯b¯ + σbu¯t¯b + σu¯b¯t¯b¯) + σbb¯t¯c + σggt¯c
= (29.56 + 0.68Pb→qu)ξ
2
tc + (0.28 + 1.4Pb→qu)ξ
2
tu fb
= 29.85ξ2tc + 0.34ξ
2
tu fb (A.6)
σpp→tu+tu¯ = σcutu + σcu¯tu¯ + σuutu + σuu¯tu¯ + Pb→u (σbctb + σcb¯tb¯ + σbutb + σub¯tb¯) + σbb¯tu¯ + σggtu¯
= (4.89× 10−6 + 0.66Pb→qu)ξ2tc + (29.26 + 0.66Pb→qu)ξ2tu fb
= 0.32ξ2tc + 29.54ξ
2
tu fb (A.7)
σpp→t¯u+tu¯ = σuc¯t¯u + σu¯c¯t¯u¯ + σu¯ut¯u + σu¯u¯t¯u¯ + Pb→u (σbc¯t¯b + σc¯b¯t¯b¯ + σbu¯t¯b + σu¯b¯t¯b¯) + σbb¯t¯u + σggt¯u
= (4.87× 10−6 + 0.68Pb→qu)ξ2tc + (29.26 + 1.4Pb→qu)ξ2tu fb
= 0.29ξ2tc + 30.13ξ
2
tu fb (A.8)
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